Unified Biosynthetic Origin of the Benzodipyrrole Subunits in CC-1065.
CC-1065 is the first characterized member of a family of naturally occurring antibiotics including yatakemycin and duocarmycins with exceptionally potent antitumor activity. CC-1065 contains three benzodipyrroles (1a-, 1b-, and 1c-) of which the 1a-subunit is remarkable by being composed of a cyclopropane ring, and the mechanism for the biological formation of benzodipyrrole rings remains elusive. Previously, biosynthetic studies of CC-1065 were limited to radioactively labeled precursor feeding experiments, which showed that tyrosine (Tyr) and serine (Ser) were incorporated into the two benzodipyrrole (1b- and 1c-) subunits via the same mode but that this was different from the key cyclopropabenzodipyrrole (1a-) subunit with N1-C2-C3 derived from Ser. Herein, the biosynthetic gene cluster of CC-1065 has been cloned, analyzed, and characterized by a series of gene inactivations. Significantly, a key intermediate bearing a C7-OH group derived from a Δc10C mutant exhibited improved cytotoxicity. Moreover, this data inspired us to suspect that the 1a-subunit might employ the same precursor incorporation mode as the 1b- and 1c-subunits. Subsequently, 13C-labeled Tyr feeding experiments confirmed that the N1-C2-C3 is originated from Tyr via DOPA as an intermediate. Collectively, a biosynthetic pathway of benzodipyrrole is proposed featuring a revised and unified precursor incorporation mode, which implicates an oxidative cyclization strategy for the assembly of benzodipyrrole. This work sets the stage for further study of enzymatic mechanisms and combinatorial biosynthesis for new DNA alkylating analogues.